INTRODUCTION
============

Osteoporosis is defined as a disease characterized by low bone mass and micro-architectural deterioration of bone tissue, leading to enhanced bone fragility and a consequent increase in fracture risk.[@B1] Since osteoporosis causes fractures, pain and inconvenience of activity, prevention of osteoporosis is of great importance in maintaining quality-of-life of the elderly.[@B2],[@B3] Bone mineral density (BMD) is influenced by ethnicity, geographic factors, diet, exercise, family history, and other lifestyle factors. For example, BMD values in white females are lower than in black females, and values in Asian females are lower than in white females.[@B4],[@B5],[@B6] Much effort is needed to determine appropriate reference values of BMD at different skeletal sites in different races and areas to accurately diagnose osteoporosis.

In Korea, the government and medical officials have recently emphasized the importance of osteoporosis, and marketing of osteoporosis medications has shown a dramatic increase during the past five years. Previous studies conducted in Korea have also investigated the prevalence of osteoporosis in specific populations. For example, one study surveyed the incidence of osteoporosis in a healthy Korean population by obtaining the BMD at the distal radius and calcaneus. The \"Ansung cohort study,\" which was conducted in a rural setting, revealed the prevalence of Korean osteoporosis in the Ansung regional area.[@B7],[@B8]

Large-scale epidemiologic studies regarding the prevalence of osteoporosis and osteopenia have been conducted extensively in Western countries; however, the Ministry of Health and Welfare in Korea had pushed back this task on the priority risk and had prevented similar studies in a representative South Korean sample. The Ministry of Health and Welfare in Korea began a nationwide, cross-sectional survey measuring the BMD (g/cm^2^) at the lumbar spine (L2-4), femoral neck, trochanter, and Ward\'s triangle using dual-energy X-ray absorptiometry (DXA) (Hologic Discovery, Hologic Inc., Bedford, MA, USA) in 2008. In this report, we present the 2008-2011 Korea National Health and Nutrition Examination Survey (KNHANES) IV and V data on BMD and the prevalence of osteoporosis among a South Korean population aged 10 years or older.

MATERIALS AND METHODS
=====================

Study population
----------------

The data were collected in the 2008-2011 KNHANES IV and V, a nationwide, cross-sectional survey conducted in a South Korean population in 2008-2011 which used a stratified, multi-stage clustered probability sampling to select a representative sample of civilian, non-institutionalized South Korean population. All examination and health interviews by trained teams were conducted in mobile centers while nutrition survey was done in household. DXA examinations were conducted on sampled persons aged 10 years and older except for pregnant women or persons who had examination with a contrast agent within a week of the survey. Bone mineral measurements were obtained from 8332 men and 9766 women aged 10 years and older. Participants were analyzed according to age bracket and residential area (urban or rural: seven metropolitan cities or six provinces).

Study variables
---------------

### General characteristics

We obtained information regarding gender, age and chronic illness in each residential area.

We asked participants whether they had ever suffered hypertension, dyslipidemia, diabetes mellitus, thyroid disease, anemia, chronic hepatitis, cerebral stroke, ischemic heart disease, osteoporosis, or chronic lung disease. Participants were also asked about any history of bone fractures.

### Anthropometric measurements

Research staff obtained anthropometric measurements while participants wore light clothing and no shoes. Height was measured to the nearest 0.1 cm, and weight was measured in the upright position to the nearest 0.1 kg on a calibrated balance-beam scale.

Body mass index (BMI) was calculated using the following equation:

BMI=weight (kg)/square of height (m^2^).

### Bone mineral density measurement

We measured BMD (g/cm^2^) at the lumbar spine (L2-4), femoral neck, trochanter, and Ward\'s triangle by DXA (Hologic Discovery, Hologic Inc., Bedford, MA, USA). The machine was calibrated daily, and the coefficients for duplicate measurements in 50 adults were 2.2%, 1.9%, and 2.3%, respectively. The BMD data for U.S. participants were available from the new reference databases, National Health and Nutrition Examination Survey (NHANES) (2007-2008). The Japanese BMD data were obtained from a previous healthy Japanese-population-based osteoporosis cohort study in which the BMDs at the lumbar spine and hip were measured with the Hologic QDR 4500 bone densitometer.[@B12]

Definition of osteoporosis
--------------------------

According to the World Health Organization (WHO) diagnostic classification, the diagnosis of osteoporosis is established by measurement of BMD by DXA of the spine and hip, and/or forearm, although a clinical diagnosis can be made in individuals who sustain a low-trauma or fragility ftracture.[@B9] The WHO defines osteoporosis as a BMD of 2.5 standard deviations (SD) below the peak bone mass of a young, healthy, gender- and race-matched reference population, as follows:[@B10]

The T-score compares and individual\'s BMD with the mean value for young normal individuals and expresses the differences as a standard deviation score.[@B9]

1\) Normal bone mass: T-score (-1.0 and above)

2\) Low bone mass (osteopenia): T-score (between -1.0 and -2.5)

3\) Osteoporosis: T-score (-2.5 and below)

The T-score compares and individual\'s BMD with the mean value for young normal individuals and expresses the differences as a standard deviation score.[@B10]

Exclusion criteria
------------------

The exclusion criteria included current patient\'s report of any disease that affects bone metabolism, including hyperthyroidism, hyperparathyroidism, chronic renal failure, bronchial asthma, rheumatoid arthritis, and cancer, and objects which are being taken, such as glucocorticoids or thyroid hormone.

Statistical analysis
--------------------

Data were analyzed using SAS software, version 9.2 (SAS Institute, Cary, NC, USA).

Mean bone mineral densities and prevalence of osteoporosis were estimated by performing PROC SURVEYMEANS procedure. The BMD differences between the geographic areas in Korean population and ethnic group in Korean and US population were tested using PROC SURVEYREG procedure. For comparison with US population, BMD data of NHANES (2007-2010) were used.[@B11] The comparison of BMD in Korean female population with those in Japanese female population was performed using t-test, calculated based on the BMD estimates and their standard errors.[@B12] Differences were considered to be statistically significant when the *p* value was less than 0.05. All estimates were obtained using the sample weight which was adjusted for oversampling, nonresponse and Korean population in 2008-2011, and standard error of estimates were estimated accounting for the complex survey design with SURVEY procedure. The age-specific prevalence of osteoporosis was calculated in males and postmenopausal females aged 50 years and older. Also, the prevalence of 50 years and older was calculated.

RESULTS
=======

Exclusion criteria included those who reported any current disease that affects bone metabolism, including hyperthyroidism, hyperparathyroidism, chronic renal failure, bronchial asthma, rheumatoid arthritis, cancer, and objects which are being taken such as glucocorticoids or thyroid hormone.

18098 participants (8332 males and 9766 females) were included in the study.

The anthropometric characteristics of participants, divided into 10-year age groups, are listed in [Table 1](#T1){ref-type="table"}. BMI tended to be greater in middle-aged (40-49) males and older females (60-69) than in young participants.

[Table 2-1](#T2){ref-type="table"} lists age-specific mean BMD at the lumbar spine, femoral neck, femoral trochanter, and total hip. The mean BMD, according to residential area (urban or rural: seven metropolitan cities or six provinces), is also presented in [Table 2-2](#T3){ref-type="table"}. [Table 3](#T4){ref-type="table"} shows the peak BMD at the lumbar spine, femoral neck, femoral trochanter, and total hip, according to different age spans. BMD at the lumbar spine, femoral neck, femoral trochanter, and total hip were lower in males than in females. For residential areas, overall BMD was lower in urban males aged 20 to 59 years than in rural males of the same age group. In female, overall BMD was lower in urban females 10 to 59 years of age than in rural females of the same age. The peak BMD of the lumbar spine, femoral neck, femoral trochanter, and total hip in Korean males reached at the ages of 20-29 years. In females, the peak BMD reached at different times in different skeletal findsites, 20-29 years of age at femoral neck, 30-39 years of age at lumbar spine, and 40-49 years of age at femur trochanter and total hip.

[Table 4-1](#T5){ref-type="table"} shows the prevalence of osteoporosis in males and postmenopausal females aged 50 years and older. The prevalence of osteoporosis in Korea is 7.3% in males and 38.0% in females, aged 50 years and older. The prevalence of osteopenia in Korea is 46.5% in males and 48.7% in females aged 50 years and older. [Table 4-2](#T6){ref-type="table"} lists the prevalence of osteoporosis in the same males and postmenopausal females aged, 50 years and older, according to specific skeletal sites. The prevalence of osteoporosis in the Korean population over age 50 at lumbar, femoral neck and total hip locations was 5.7%, 3.0%, and 0.7% in males and 30.1%, 23.1%, and 4.9% in females, respectively.

[Fig. 1](#F1){ref-type="fig"} illustrates the average BMD at the lumbar spine, femoral neck, femoral trochanter, and total hip in participants based on 10-year age groups, [Fig. 2-1](#F2){ref-type="fig"}, [2-2](#F3){ref-type="fig"} presents a comparison of reference curves for BMD at different skeletal sites in Korean and U.S. participants, and [Fig. 3](#F4){ref-type="fig"} presents a comparison of reference curves for BMD at different skeletal sites in Korean and Japanese females. The BMD at every measured skeletal site in Korean males and females was significantly lower than that of U.S. participants. The lumbar spine and femur BMD in Korean females of 20 to 49 years of age was significantly lower than in Japanese females, according to t-test.

DISCUSSION
==========

Little epidemiological study data are available for osteoporosis prevalence in Korea. Therefore, this study is highly significant, because this is the first nationwide, cross-sectional survey, performed in Korea on osteoporosis incidence, under the supervision of the Ministry of Health and Welfare. In the present study, BMD at the femoral neck, femoral trochanter and total hip were significantly lower in females than in males. Residential area factors indicated that overall BMD was lower in urban males aged 20 to 59 years than in rural males of the same age group. In female, overall BMD was lower in urban females 10 to 59 years of age than in rural females of the same age. Geographic differences in BMD in the older-aged group were observed in our participants even though the Korean population predominantly consists of only one race. If future studies can analyze determinants of the differences in BMD, such as environmental or lifestyle factors, then the cause of these differences could be clarified.

The peak BMD of the lumbar spine, femoral neck, femoral trochanter, and total hip in Korean males reached at the ages of 20-29 years. In females, the peak BMD reached at different times in different skeletal sites: 20-29 years of age at femoral neck, 30-39 years of age at lumbar spine, and 40-49 years of age at femur trochanter and total hip. This finding indicates that Korean females attain peak BMD over a variable time interval depending on skeletal sites. This difference in peak BMD age among the skeletal sites is important for implementing preventive procedures for females, including actions for obtaining greater peak bone at sites, such as the femur. We suggest that this difference between genders might be caused by the difference in sex hormones and geometry of the hip axis between males and females.[@B13],[@B14] However, the determinants of the differences between the two genders remain un clear.

Prevalence of osteoporosis in Korea is 7.3% in males and 38.0% in females aged 50 years and older, and prevalence of osteopenia in Korea is 46.5% in males and 48.7% in females aged 50 years and older. The prevalence found in this study was higher than that reported in previous Korean cohort studies performed in rural settings, such as the Namwon and Ansung cohort studies.[@B7],[@B8],[@B15] We suggest that this discrepancy resulted from the differences in general nutritional status and environment (such as sun exposure), according to each residential area. This difference may also result from the fact that T-scores was calculated using different normal reference data. Our study used a manufacturer-provided reference population based on a healthy Japanese-population-based osteoporosis study cohort.[@B12],[@B16],[@B17],[@B18] Since we assumed that the previous reference data of a Korean population were obtained from one rural residential area that did not represent the nationwide Korean population, we chose the reference data of the Japanese, another Asian race, as the best alternative plan. Therefore, considerable changes would occur if we adopted other reference population data in this study.[@B4] According to skeletal sites, the prevalence of osteoporosis in the Korean population over 50 years of age at lumbar, femoral neck and total hip locations was 5.7%, 3.0%, and 0.7% in males and 30.1%, 23.1%, and 4.9% in females, respectively. The prevalence of osteoporosis at the lumbar spine was similar to the general prevalence in both genders. In comparison with other countries\' reference curves, the BMD at every skeletal site in Korean males and females was significantly lower than that of the U.S. participants according to 2007-2010 NHANES. The lumbar spine and femur BMD in Korean females 20 to 49 years of ages was lower than in Japanese participants also. Previous studies revealed that the BMD of European population exceeds that of the Chinese; however, the difference would disappear after adjusting for height.[@B5],[@B6] The differences in our present study might have likely resulted from the different skeletal sizes common to each respective race. We should also consider nutrition and activity habits in each country. For example, people in Korea, spend less time in outdoor sports activities, therefore, they might not get enough sun exposure and gravity condition of bone to reach peak BMD as residents in other countries do.[@B19] We should also have considered the nutritional differences including calcium intake between Korean, Japanese and U.S. participants.

Our study has several limitations. The first limitation is that no Korean reference values exist that differentiate between BMD values at different skeletal sites; such parameters would allow clinicians to make a more accurate diagnoses of osteoporosis in a Korean population. Additionally, the present data apply only to non-institutionalized Koreans. Institutionalized patients may have lower BMDs due to their conditions, especially if they are bed-ridden.

Even though there are limitations, our present study constitutes rare data to represent the nationwide Korean population. We expect to be able to estimate reference data through ongoing efforts of KNHANES in near future.
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Age-Stratified Anthropometric Participant Characteristics
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BMI, body mass index.

Values are presented as number and mean±standard error.
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Bone Mineral Density (g/cm^2^) at Various Skeletal Sites by Age Bracket-Whole Population
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Values are presented as number and mean±standard error.
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Bone Mineral Density (g/cm^2^) at Various Skeletal Sites by Age Bracket-Regional Population (Urban: Seven Metropolitan Cities/Rural: Six Provinces)
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Values are presented as number and mean±standard error.
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Peak Bone Mineral Density Values and Skeletal Sites among a Korean Population
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BMD, bone mineral density.

Values are presented as number and mean±standard error.
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Prevalence of Osteoporosis and Osteopenia in Postmenopausal Females and in Males 50 Years of Age and Older-Whole Population
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Values are presented as number and percentage (%).
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Prevalence of Osteoporosis and Osteopenia in Postmenopausal Females and in Males 50 Years of Age and Older-Depending on Various Skeletal Sites
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n, number.

Values are presented as number and percentage (%).
